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Abstract 
Large amount of wind data collected on offshore structures, such as platforms, masts and ships in the North Sea, often suffers 
from poor availability and poor quality. Thus it may not currently be used for validation of meteorological or wind energy 
applications and must be disregarded as influenced by the structures. Performing an analysis on microscale can serve for 
understanding and predicting inconsistencies between measured and model data. This study presents a Computational Fluid 
Dynamics (CFD) model of a typical offshore structure. Wind measurements influenced by the structure are compared with the 
corresponding numerical observations and demonstrate the usability of CFD for data validation and improvement of 
meteorological models. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The number of offshore wind power installations has grown significantly over the last decades [1,2,3,4]. The 
development of offshore wind applications depend on an improved understanding of the atmospheric processes 
taking place in marine atmospheric boundary layer (MABL) [5,6,7,8]. Improved knowledge of metocean conditions 
in the MABL is crucially important for the development of offshore wind farms, and the improvement of wind 
forecast. Offshore wind measurements are of essential relevance for the characterization of the MABL, and 
development of numerical wind models. However, one of the main problems is that the measurement data often 
suffers from poor availability and low quality.  
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Large amounts of data are collected on offshore structures, such as platforms, ships, and masts, in the North Sea. 
The structures often influence the wind measurements through sheltering effects, or other flow distortion, and the 
data is typically not used for modeling or MABL characterization. Therefore it would be very advantageous to 
understand the influenced data well enough to make it available for future modeling and characterization efforts. 
Collecting statistical information about various structures, including both influenced and uninfluenced data, is not 
often possible. Thus it is desirable to perform an analysis on microscale such that the uninfluenced measurements 
are obtained from a CFD model. The CFD model can then be confidently used to generate quantitative data that 
cannot be obtained through measurements. This modeling can be carried out for different objects, which can then be 
classified by their characteristics like scale, features, etc. 
The great power of CFD is in its ability to provide data of reasonable quality within the whole domain. Physical 
quantities can be observed at any domain point, and the accuracy of observations can be adjusted by several means 
such as mesh resolution and choice of physical models. Visualization of physical quantities can help understanding 
the processes that lead to observed phenomena. 
In this study we present a CFD analysis of a typical sea structure (oil platform) under real weather conditions. We 
chose Draugen oil platform as the reference object for analysis due to available wind data. Simulated wind 
measurements are validated against the weather model data, obtained from NCEP Climate Forecast System 
Reanalysis data (CFSR) [9] for the region of interest and qualified with the real platform records. Analysis results 
are then investigated in terms of suitability of using CFD modeling for influenced data correction, uncertainty 
examination and design basis reports. Our main goal is to propose a methodology for studying the influence of sea 
structures and landmarks on meteorological measurements. 
2. Description of the numerical model 
Construction of the platform numerical model, meshing and calculations were performed using ANSYS 
simulation software, including ANSYS Fluent for CFD simulation and data post processing. 
2.1. Platform model geometry and mesh 
In order to perform a numerical investigation of the structure influence on meteorological measurements in the 
North Sea we chose a typical object: Draugen oil platform. The geometry of the platform was simplified due to 
 
 
Fig. 1. Simplified CAD model of Draugen platform. 
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computational power limitations. We omitted small details which size was of an order of centimeters, and focused 
on big parts that are especially important for capturing the turbulent wakes. CAD model of the platform is presented 
on Fig. 1. The platform was surrounded with a fluid domain approximately 5 times larger than the platform in each 
direction. The fluid domain contained air, while the sea surface was flat. Thus we assumed that the effect of waves 
on the measurements was negligible.  
We meshed the model using tetrahedral grid with mesh size adaption based on proximity and curvature. In order 
to resolve the turbulent boundary layer we applied mesh inflation at all platform parts. When generating the mesh 
we strived for simplifying the model, i.e. reducing the number of mesh cells, such that the model is suitable for 
demonstration purpose, while accuracy might suffer. Nevertheless, we controlled the most common mesh statistics 
such as cells aspect ratio and skewness which were within a reasonable range. The final mesh consisted of 
approximately 1.3 million cells. 
2.2. Model physics 
Since the main purpose of the study was to model the air flow around the platform, we considered modeling 
single phase fluid flow in the fluid domain. Modeling the turbulent wake from the structure is especially important 
in our study, because this affects the model measurements. Turbulence was modeled using Reynolds-averaged 
Navier-Stockes equations closed with SST k-ω model, which is known to be quite accurate in a wide range of 
Reynolds numbers, applicable for most tasks of scientific and industrial interest [10,11]. The model treats turbulence 
with transport equations expressed in terms of the turbulent kinetic energy k and the specific dissipation rate ω. 
Air flow in the domain was introduced by setting the boundary conditions according to the wind direction and the 
wind speed of interest. Thus one or two vertical boundary walls were set as velocity inlet, where the velocity vector 
was specified, while the other vertical boundaries were set as pressure outlets with constant pressure (for example, 
when setting the boundary conditions for northern wind we treated the north boundary as inlet and east, south and 
west boundaries as outlets). 
3. CFD model results and data validation 
Simulation results were obtained at a probe located in accordance with the location of instruments at the real 
platform. Convergence of the steady state solution was treated by monitoring the simulation residuals as well as 
measuring the velocity at the probe. We obtained the results for various boundary conditions, combining various 
wind speeds and directions according to the weather model data for the region.  
We assume that the measurements on Draugen platform are influenced by various platform parts of the platform 
 
Fig. 2. Wind roses for wind speed measurements obtained at  
Draugen platform and from CFSR meteorological data for the period 1 January 2004 to 30 June 2009. 
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and therefore should be validated and corrected by the CFD model. Meteorological model data was derived through 
CFSR for the period between 1 January 2004 and 30 June 2009. The data was filtered such that it matches the 
platform records, where observations were made every 3 hours. On Fig. 2 the wind roses for Draugen measurements 
and CFSR model data are plotted. 
In order to discuss the usability of CFD approach for wind measurements analysis and correction, we focused on 
investigating the bias of the measured wind speed from a reference wind speed value. It is reasonable to assume that 
the reference wind speed for the real platform data is the CFSR wind speed value, while in CFD modeling the 
reference value is the boundary condition planar velocity. Thus we calculated the platform data bias as the mean of 
all differences between the wind speeds measured on the platform and the corresponding reference value: the CFSR 
model data. Consequently the CFD model bias is the difference between the simulated wind speed at the observation 
point and the boundary condition planar velocity. When obtaining wind speed at the observation point we omitted 
the vertical component of the velocity vector as it was not measured at the real platform and it was not captured by 
CFSR models. In both cases the bias was normalized by the reference wind speed. 
The CFD analysis included steady state simulations for 4 wind speed reference values (5, 10, 15 and 20 m/s) set 
as the model boundary conditions discussed in chapter 2.2. Wind direction varied from 0 to 325 degrees stepped by 
45°. Here 0° denotes the southern wind direction. In order to compare the simulation results with the corresponding 
CFSR data points we selected the points, where the reference wind speed differs from the CFD reference value by 
not more than 20%. This is due to natural wind variations which cannot be captured by a steady state simulation. 
The main results of the study are presented in terms of normalized bias of the wind speed measured at the 
platform and obtained during the CFD analysis plotted for different wind directions (Fig. 3). 
 
 
Fig. 3. Normalized bias of the wind speed measured at the platform and obtained during the CFD analysis plotted for different wind directions 
(degrees from the north). 
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Fig. 4. Turbulent kinetic energy (a) and wind speed (b) contours plotted on a cross-section plane (72 meters above the sea surface) for 4 cases 
with 15 m/s wind speed and different wind directions (S – south, W – west, NE – north-east, E – east). Red markers denote the points of 
measurements. 
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4. Conclusions and discussions 
The analysis results confirm that the methods of CFD can be used for prediction of structure influence on 
meteorological measurements and qualification of model data. The CFD analysis data points on Fig. 3 demonstrate 
similar tendency as the CFSR model data. Though some points do not line up very well, their inconsistency can be 
explained and resolved. 
First of all it is important to mention that turbulence is by nature an unsteady process which can hardly be 
resolved with a steady state analysis where time-dependent fluctuations of both wind speed and direction are not 
captured. Though, a steady state result is sufficient for the basic description of the problem, transient simulation 
should be performed in order to achieve better accuracy. Another way of modeling the turbulent wake is the 
stochastic approach, where the boundary condition velocity should be defined as a distribution. Such velocity 
distribution can be derived for instance from the meteorological model data. 
Special attention must be paid to the cases with north-east wind direction, where inconsistency of the CFD model 
is very high (points at 225 degrees on Fig. 3). In order to understand the reason for such a big difference between the 
input parameters and the measured data, we plotted the turbulent kinetic energy for some cases. On Fig. 4 it is seen 
that the observation point in NE-case was located in the middle of the turbulent wake (Fig. 4a) with high kinetic 
energies, which led to significant velocity disturbance. On Fig. 4b it is seen that the platform flare stack has a 
significant sheltering effect for north-east wind direction, which affects the wind speed in the region of 
measurements dramatically. Following our previous discussions we conclude that this case is especially problematic 
to describe with a steady state simulation and should be addressed with a deeper transient analysis.  
Other issues such as missing geometry details, mesh quality, numerical error are common in CFD modeling and 
can be improved. However, this usually leads to lower computational performance. 
In our study we demonstrated the ability of the CFD methods to describe the influence of structures on 
meteorological wind measurements. We believe that CFD modeling can serve for correction of the influenced 
meteorological measurements as well as improvement of the meteorological models. We hope that our case example 
on the use of CFD for treating influenced meteorological measurements will inspire a deeper investigation of the 
problem. 
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